Abstract: This paper examines the characteristics of self-regulating approaches used by industry with regard to environmental management systems. Four selfregulating environmental management systems are considered: Total Quality Environmental Management (TQEM); ISO 14001 certification; the Coalition for Environmentally Responsible Economies (CERES) Principles; and the American Chemistry Council's Responsible Care® initiative. The results of a survey of academic experts in self-regulating environmental management systems are provided.
Professors to win the 1996 Instructional Innovation Award from the Decision Sciences Institute for their work in developing an inter-disciplinary course in sustainable development.
Four self-regulating environmental management systems
We define self-regulating environmental management systems to be proactive, environmentally conscious, business initiatives that go beyond compliance with environmental laws and regulations. Although there are many initiatives that meet this definition, the four we consider in this paper include TQEM, ISO 14001 certification, the CERES Principles, and the American Chemistry Council's Responsible Care® initiative.
TQEM is the application of Total Quality Management (TQM) to environmental issues [22, 23] . This merging of environmental management and TQM evolved in the 1980's and the term TQEM was coined by the Global Environmental Management Initiative (GEMI) in 1991 [24, p.10]. TQEM involves a proactive, systemic approach requiring organizations to identify and listen to their customers, practice continual improvement, manage by data and sound science, and make environmental issues key corporate goals [25] [26] [27] 6, 28, 24] . The basic principles and key tools of TQEM can be found in Appendix 1, Section A. It should be noted, however, that TQEM varies from organization to organization and no 'official' version exists.
ISO 14001 is an extension of ISO 9000, the quality assurance certification program administered by the International Organization for Standardization [29, 30] . In general, ISO 14001 is to support compliance with legal requirements, establish internal environmental quality policies, and manage marketplace expectations. These goals are accomplished by many initiatives including environmental quality management systems, environmental audits, environmental performance evaluations, product life-cycle assessments, and product labeling. A major benefit of using the ISO 14001 standards is to provide a consistent environmental framework recognized in international trade which will help eliminate barriers resulting from market to market differences in environmental laws, standards and practices [31] . Organizations are free to select the impacts they wish to reduce or eliminate; yet the use of specific performance measures to see whether or not progress is being made is not mandated by the standards since registration is not a compliance audit [32, p.119] . Proponents believe that the standards will discourage multinational firms from engaging in hazardous environmental practices [33] . An overview of the ISO 14001 initiative can be found in Appendix 1, Section B. We note that TQEM and ISO 14001 have many similar qualities and it is true that the adoption of TQEM can help in obtaining ISO 14001 certification [34] .
Founded in 1989, the Coalition for Environmentally Responsible Economies (CERES) is an organization of environmental groups and socially responsible investors. The CERES Principles given in Appendix 1, Section C are ten statements to guide firms to environmental responsibility by establishing a moral code of conduct [35, 36] . The CERES organization approaches companies to urge adoption of its principles [37] . The CERES program is relatively non-systemic in its effect and relatively non-binding. Although companies must pledge to live by the CERES Principles, there are no specific expectations about specific management practices. The emphasis is on the ethics of environmental responsibility. Nash and Ehrenfeld [20] claim that CERES forces participating firms to think about sustainability, while ISO 14001 and Responsible Care® do not.
The Responsible Care® initiative was first conceived by the Canadian chemical industry in the early 1980's and was adopted by the American Chemistry Council in 1988 as an obligation of membership in the association. The adoption was viewed by many as a reaction to the negative public perception of the chemical industry [38] . Early on the initiative was often viewed as a whitewash. Public reaction to the initiative has become more favourable as Responsible Care® has evolved [39] . This self-regulating approach is organized around a set of ten guiding principles (see Appendix 1, Section D) and six Codes of Management Practice [40] . Built into these principles and codes is a strong emphasis on dialogue with external stakeholders; in particular, significant reliance is placed upon citizen advisory groups. Improving the quantity and quality of environmental measurements is currently an area of emphasis by Responsible Care®. Failure to comply with the codes may carry strong sanctions from the American Chemistry Council and critical public reaction from various environmental organizations [41] . Companies in the American Chemistry Council are required to produce an annual Responsible Care® report (see, for example, [42] ).
Characteristics of self-regulating approaches
As noted above, environmental management systems take on many different forms. The level of complexity varies among the different forms. In trying to differentiate among various systems, there are numerous aspects that could be considered. For instance, Wever [24, pp.21-30] describes seven dimensions along which EMS systems may be evaluated: leadership (e.g., commitment to continuous improvement by senior management), information and regulatory requirements (e.g., risk measurement), strategic planning (e.g., corporate objectives using environmental considerations), human resource development/utilization (e.g., environmental education and training), process management/quality assurance (e.g., internal and external audits), operational aspects (e.g., product design control), and customer satisfaction (e.g., benchmarking).
In this research, we are interested in identifying characteristics of environmental management systems that relate to their ability to serve self-regulation. There is an extensive literature in economics and organizational behaviour that discusses the motivations for self-regulation, models its probable effectiveness, and subsequently tests the effectiveness. In this Section, four characteristics of self-regulating environmental management systems as proposed by Erekson In this Section, we describe the reasons each of these characteristics is useful in comparing different environmental management systems. Note that the amount of emphasis placed on each of the four characteristics can be viewed as being on a continuous scale from very low emphasis to very high emphasis.
The first characteristic of self-regulating environmental management systems is the degree to which the adoption of the program requires binding codes of practice for participation. A program low on the binding continuum suggests a voluntary program without great consequences for failing to meet goals. A program high on the same continuum involves a greater risk of consequences for non-compliance. Binding here refers to either the legal obligation involved or the non-legal feeling of compulsion or sense of duty. The degree of compulsion is strongly related to the degree of consequence. It is common for scholars to argue that self-regulation will only work when there are explicit sanctions and penalties that result from non-compliance with industry or regulatory norms [44] . On the other hand, Nash and Ehrenfeld [45] have argued that selfregulation can result in responsible behaviour through informal means of coercion, establishment of behavioural norms, and diffusion of best practice.
The second characteristic is the degree to which systems are emphasized, as opposed to conceptual principles. A program that is low on the systemic continuum focuses on broad principles or tenets. This type of mechanism typically consists of a list of abstract goals. The goals may be part of a vision statement or statement of beliefs. These programs do not suggest specific steps or changes in practice that must occur. A program high on the systemic continuum indicates that adoption or adherence involves facilitation of an entire environmental management system. This mechanism is more sophisticated and complex and requires integrating environmental issues into the decision making process. However, there is a growing consensus that sustainable development and sustainable business practices require a closed-loop, integrated systems approach [46, pp.13-17] . Schmidheiny [47] has argued that where government regulation is often inflexible and requires application of specific end-of-pipeline technologies, business operating on its own can consider multiple systems venues that may reduce pollution and minimize creation of waste as by-products of production.
The third characteristic of environmental management systems we will examine is the degree to which stakeholder dialogue is emphasized. A program that is low on the dialogue continuum has little expectation that a company be required to establish and enhance an effective dialogue with its stakeholders. A program high on this continuum emphasizes that the responsibility of business is to promote two-way communication to its multiple stakeholders. These programs recognize that maintaining a resilient, wellfunctioning community requires that all stakeholders (human and non-human) have an effective voice, that dialogue must recognize varying traditions and perspectives, and that dialogue be conducted in an atmosphere of mutual respect. There is significant literature making the case for dialogue and communication with stakeholders as essential parts of self-regulatory schemes, to an extent obviating the lack of enforcement sanctions and penalties. On one hand, public pressure and embarrassment may provide motivation for responsible behaviour [48] . Similarly, communication with suppliers and producers, such as with the Responsible Care® initiative, may provide a means of establishing industrywide norms and standards.
The final characteristic is the degree to which measurable performance in achieving sustainable business practices is emphasized. Setting goals allows a company to assert specific quantitative accomplishments. A system low on the measurability continuum would not emphasize establishment of quantitative standards of performance. Instead, the emphasis would be on adoption of principles and systems which, in theory, should result in environmental improvements. Programs high on this continuum would require establishment of quantitative performance measures. Company objectives would typically be within the framework of these quantitative measures, and success would be evaluated by comparing the performance outcomes with the stated objectives. Performance measurement and related communication with stakeholders can provide an effective means of transferring best practices throughout an industry [49] .
Erekson, Krehbiel, and Ohl [43] hypothesized that:
These conclusions were based upon intensive review of materials provided by sponsoring organizations, as well as an extensive review of literature in academic and professional journals and books that both describe and evaluate these environmental management systems. Our goal in conducting this research was to obtain the perceptions of academic experts towards TQEM, ISO 14001, CERES, and Responsible Care®. We were interested in how they would characterize these four environmental systems, using the four major characteristics discussed in the previous Section as well as a list of more specific characteristics.
Methodology

Survey instrument construction
To learn the perspectives of the academic experts, we designed a survey instrument which contained a list of statements that may or may not be operational principles for a business. The respondents were asked to indicate to what extent the use of each principle would be consistent with a company adopting a specific self-regulating environmental management system. Besides four overall questions designed to measure directly the four major characteristics (binding, systemic, dialogical, and measurable), a subset of questions intended to be consistent with each of these characteristics was also included. The questions required responses on a seven-point scale from 1=No Extent, to 7=Very Great Extent. The survey was divided into parts, one for each of the management systems under investigation. This initial survey instrument was then tested on a group of academic and business practitioners. The instrument was then modified based on this pre-test.
The final form of the survey contained 24 questions for each of the four approaches (i.e., 96 total questions). For example, the first question asked the respondent "To what extent is benchmarking of environmental data a characteristic of TQEM?" and required a response on the seven-point scale given above. Space also was given for written comments.
Data collection
We composed a list of 110 people based upon their research interests and publication records concerning environmental management systems. Our goal was to include the leading academic researchers in the USA. Business practitioners were not included since they would be viewing these systems from a different perspective. We are currently working on a survey of business practitioners. Researchers outside of the USA were not included because of the large variability in environmental laws from country to country, and therefore a large variability in environmental management systems from country to country.
The survey instrument was mailed to the people on the expert list. A week after the initial survey, a thank you letter and reminder was sent. Those people who did not respond in the five weeks requested were contacted again by mail. In all, 29 surveys were returned for a response rate of 26.4%. Of these, seven indicated that they did not have the expertise to complete the quantitative section of the form, but most provided written comments. About half of the returned questionnaires contained written comments. A recurring theme in these written responses was that for any system to be effective in addressing environmental issues, it must have top management commitment. Without legal consequences, the success or failure of these systems was argued to be highly dependent on top management, and more than one respondent questioned top management commitment. One other person commented that "One of the interesting realizations for me in doing the survey was that none of the programs seem to require employee involvement."
Some respondents answered questions concerning specific management systems for which they were comfortable and left the responses to the other systems blank. We feel that the response rate was not higher due to the fact the instrument asked many very difficult questions that could not easily be answered by a person only generally familiar with the material. Our intention was to get responses from a panel of leading experts in the area of self-regulating environmental management systems, and we feel that we accomplished that goal.
Data analysis
The data accumulated from the survey represent the perceptions given by a panel of academic experts who self-selected themselves from a larger set of academic experts. We do not contend that the data are representative of any specific population, but feel they offer interesting insights as to the characteristics of the various environmental management systems.
Recalling the survey instrument was designed for each question to have a possible response from one (no extent) to seven (very great extent), Table 1 provides the mean values for each EMS for all 24 questions, grouped according to each of the basic characteristic types. For instance, questions 1-5 focus on indicators of the degree of measurability, while question 6 is a direct summary question about this characteristic. This Table also includes mean values averaging the responses to the sub-questions (e.g., questions 1-5 for measurability). Figure 1 contains the plot of summary responses from the panel in a pair of two-by-two continua. The survey instrument did not describe the characteristics, nor which sub-questions related to summary questions, so that respondents would answer them independently.
Figure 1 Mean scores for summary questions
To test for significant differences among the responses, a one-way ANOVA test was performed for the summary questions (6, 11, 17, and 24) in Table 1 . The null and alternative hypotheses were:
H a : Not all four means are equal.
The p-values for the F-tests in the ANOVA are shown in Table 2 . The ANOVA results suggest strong differences among the systems with regard to the importance of dialogue, significant but not as strong differences with respect to the emphasis on performance measurement and systems, and no significant difference with respect to emphasis on being binding. To identify further the differences among systems, Tukey's pairwise comparisons were performed for each pairing for each question [50, p.725] . For performance measurement, holding the experimentwise error rate to .05, µ TQEM > µ CERES . For being binding, as would be expected from the AVOVA results, there were no significant differences among the systems from the pairwise comparisons. For dialogue, µ CERES > µ ISO , µ TQEM > µ ISO , with the .05 error rate, and µ RC > µ ISO , with a .10 error rate. For the systems characteristic, µ TQEM > µ CERES using the .10 error rate. Table 3 provides a basic evaluation of the survey responses for each environmental management system and each characteristic, and compares this to the priors that we had established based upon earlier study and reflection [43] , as indicated by 'EKO' in the With respect to TQEM, there is considerable agreement between the EKO priors and the panel of experts survey for three of the characteristics. The degree to which TQEM requires binding codes of practice is viewed as medium in all cases, while the importance of dialogue is consistently high. Emphasis on systems is also seen as being high for TQEM by EKO and the summary response of panels, but medium for the component queries. The biggest disagreement centres around measurability. The panel of experts sees a much greater role for measurability (rating of high) than our priors suggest, although the mean of the component responses (4.93) is much lower than the summary measurable response (6.35) . This may indicate that while the panel of experts believes performance measurement is important for a TQEM system, it sees less evidence of its implementation. And, of course, the importance of performance measurements differs among Baldrige-based systems and other forms of TQEM. The pattern of agreement and disagreement concerning ISO 14001 is similar to that for TQEM. The panel of experts argues that dialogue with stakeholders is moderately emphasized, more than the EKO priors. There is general agreement by the experts with our priors that suggests that ISO 14001 takes a highly systemic approach and that there is only medium to low emphasis on binding codes of practice. The major disagreement again centres on the measurability criteria. While we have argued that ISO 14001 is low with respect to performance measurement, the panel of experts sees this as a major point of emphasis. While we agree that ISO 14001 does require proof that progress is being made in meeting objectives, it does not prescribe specific environmental standards and certification only requires description of a current level of environmental quality, targets for the future, and implementation plans.
With respect to CERES, it is important to note that its emphasis is on the ethics of environmental responsibility. As such, there is common agreement amongst the experts and our priors that achieving ethical outcomes requires dialogue as a major point of emphasis for CERES, including diverse stakeholders in dialogue, even emphasizing the rights of non-human species. With respect to measurability, there was general agreement as to the major importance of this characteristic, with one condition of membership being the preparation of an annual report on environmental performance, as pioneered by CERES. Although the panel of experts placed a somewhat greater emphasis on the systemic characteristic than did we, it was in agreement that being binding was only of moderate emphasis for CERES.
The Responsible Care® initiative is often considered to be a model environmental management system. As such, it is not surprising that the panel of experts summary response agreed with our prior assessment that Responsible Care® was high on the measurability, binding, dialogue, and systems continua. It is interesting to observe that when looking at the component questions, the panel of experts regarded the emphasis on all characteristics except dialogue to be only medium. Given that the component questions address more specific indicators of implementation, this suggests that while Responsible Care® is a comprehensive industry-wide program that requires adoption of the principles and codes of management practice, the American Chemistry Council struggles with ensuring that its basic objectives are put into practice in operations. In fact, the American Chemistry Council is now in the midst of the second phase of the Responsible Care® initiative focusing on product stewardship concerns and other ways to implement improved operations [51] .
Finally, it is useful to look at those characteristics that were evaluated as being most highly emphasized versus those least highly emphasized for each EMS according to the panel of experts. Tables 4 and 5 show the highest ranked characteristics by mean score for each of the four EMS, with the latter table omitting the summary questions (6, 11, 17, and 24). It is interesting to note that 15 and 14 of the twenty highest ranked characteristics, respectively, were related to performance measurement or dialogue. On the other hand, in Table 6 , where the lowest ranked characteristics are shown, ten of the 21 characteristics were related to the binding characteristic. Moreover, for all four EMS, failure to tie environmental performance to management compensation and failure of noncompliance to result in financial consequences were identified as key failures for these environmental management systems. And except for Responsible Care®, where it was of course the most highly ranked characteristic, failure of noncompliance to result in removal from professional organizations was a common weakness for the other EMS. 
Summary and conclusions
There is increasing pressure for companies to become more aggressive in adopting environmentally responsible business practices. In response, companies often adopt one or more environmental management systems. In this paper, four characteristics of selfregulating EMS were identified: performance measurement, binding expectations, dialogue with stakeholders, and systemic elements. A panel of academic experts was surveyed to determine their assessment of the importance of each of these characteristics for TQEM, ISO 14001, Responsible Care®, and CERES. The survey results suggest that while there are differences among the various programs, performance measurement and dialogue with stakeholders are consistently important strengths emphasized within most of the EMS, whereas failure to provide financial consequences either for the company or employees for environmental failures were weaknesses for all of the systems. For self-regulation to be an effective means of promoting environmental quality, there has to be a strong sense of credibility both within a firm or industry and with the broader external public. The purpose of this study was not to test for the degree of credibility for any of the environmental management systems proposed here. However, the results are suggestive both about what business believes to be important in establishing EMS systems, and the perception of effectiveness, at least in the eyes of academic experts. The notion that dialogue is important for establishing credibility seems to be recognized as an important ingredient for all but ISO 14001. However, while performance measurement also is emphasized as to its importance, there is much less confidence in its implementation, as indicated by the expert responses to the sub-category questions. Moreover, it would seem that for most of the systems, with perhaps the exception of Responsible Care®, there needs to be given increased attention to assuring that claiming participation in an EMS requires evidence of improvement in environmental performance.
Basic components of ISO 14001 [52] 7 Environmental Restoration: We will promptly and responsibility correct conditions we have caused that endanger health, safety, or the environment. To the extent feasible, we will redress injuries we have caused to persons or damage we have caused to the environment and will restore the environment. 8 Informing the Public: We will inform in a timely manner everyone who may be affected by conditions caused by our company that might endanger health, safety, or the environment. We will regularly seek advice and counsel through dialogue with persons in communities near our facilities. We will not take any action against employees for reporting dangerous incidents or conditions to management or to appropriate authorities. 9 Management Commitment: We will implement these principles and sustain a process that ensures that the Board of Directors and Chief Executive Officer are fully informed about pertinent environmental issues and are fully responsible for environmental policy. In selecting our Board of Directors, we will consider demonstrated environmental commitment as a factor.
10 Audits and Reports: We will conduct an annual self-evaluation of our progress in implementing these principles. We will support the timely creation of generally accepted environmental audit procedures. We will annually complete the CERES Report, which will be made available to the public. [51] Member companies of the American Chemistry Council are committed to support a continuing effort to improve the industry's responsible management of chemicals. They pledge to manage their businesses according to these principles:
Section D: Guiding principles of Responsible Care®
